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- N and v representable densities
» Levy-Lieb constrained search formulation of DFT



v representable densities

In deriving the Hohenberg-Kohn theorems we implicitly assumed that the densities of interest
can be obtained by applying some external potential to an N-electron system. This was crucial
In deriving the universal functional as well as the variational principle.

Densities associated with antisymmetric N-electron ground state wavefunctions of a
Hamiltonian that includes an external potential are termed as v-representable densities.

Since Frk Is derived from such a wave function, it is also a functional of v-representable
densities. That is, the variational principle is only valid for such densities.

Not all valid densities are necessarily v-representable.



N representable densities

Densities that are derived from any antisymmetric N-electron wavefunction are termed as N-
representable densities.

Mathematically such densities satisty (see Parr and Yang)

n(r) > 0, / (r)d®r = N, / Vn(r)? e

This Is a weaker condition.

Pure-state representable : densities obtained from a ground state antisymmetric wavefunction
(same as v-representable).

Non-interacting pure-state representable : As above except that the Hamiltonian has no
interaction among the electrons.

Mixed-state representable : densities obtained by mixing pure-state densities.
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Levy constrained search formulation

The variation principle suggests a search over the N-representable
space

N-representable
wave functions

Eo = min <\If a \If>

Suppose, we break this search into two steps.

1) Search for the minimum over a wave functions yielding a
given density n(r)

Eln| = \Pmir(l ) <\If H \I!>
— L

=~ 1Al <\If T+ W \If>+/d3fr
U —n(r)

= Frr|n|] + /dSTTL(I')U(I')



Levy constrained search formulation

N-representable
wave functions

2) Search for the minimum over all densities of the energy
functional

Eo[no] = %x)l (FLL[n] 1 / d3m(r)>

Where no(r) is the minimising ground-state density.

Thus, the constrained search formulation extends the
validity of the HK theorems to N-representable densities.



